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Io  SUMMARY  AND  CONCLUSIONS 


1.  In  this  study  the  principles  of  job  analysis  and  of  tine  and  motion  are 
applied  to  tho  ta.sk  of  flying  a  multi-engine  aircraft,  the  R5D  (the  Navy  equival¬ 
ent  of  the  C-54  or  DC-4),  Cinematographic  records  and  voice  recordings  were  mad® 
by  two  aviation  psychologists  during  scheduled  flights  in  July  and  August  of  1946. 
Those  records  are  analyzed  to  determine  if  the  methods  ussd  currently  in  industry 
are  productive  and  practicable  when  applied  to  piloting. 

2.  The  cockpit  of  the  R5D  is  divided  into  seven  general  work  areas  as  a  basis 
for  analyzing  motion  pathways.  Each  control  is  described,  with  detailed  considera¬ 
tion  given  to  its  location  and  to  the  extent  of  pilots  arm  ana  body  movement  re¬ 
quired  for  operation* 

Photographic  records  of  various  phases  of  the  flights  were  subjected  to 
frame  by  frame  study  and  process  charts  are  presented  for  the  pilot4a  and  co-pilot's 
performances  with  the  tine  required  for  each  operation  indicated. 

4.  An  analysis  was  made  of  the  voice  recordings  and  charts  are  presented  show¬ 
ing  the  frequency  of  use  of  controls  by  pilot  and  co-pilot  during  take-off,  cruise, 
and  landing. 

5*  The  investigations  were  not  designed  to  accumulate  any  considerable  uuuuat 

of  quantitative  data,  but  rather  to  test  the  applicability  cf  this  me thud  of  study. 
However,  the  data  obtained  are  sufficient  to  suggest  the  following  conclusions: 

a.  The  task  of  piloting  can  be  subjected  to  time  and  motion  analysis  similar 
to  that  used  in  industry.  By  the  application  of  such  methods  much  can  bo 
learned  about  the  pilots  operation  of  the  various  controls  and  instruments. 

b.  Moving  pictures  and  voice  recordings  give  permanent,  objective,  and  des¬ 
criptive  records  which  can  be  studied  in  the  laboratory  for  establishing 
the  motion  pathways  and  the  times  required  to  operate  the  controls. 
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Moving  pictures  are  useful  also  in  studviag  the  coordination  of  duties  of 
pilot  and  co-pilot. 

c„  Check-off  procedures  can  be  improved  and  simplified  by  systematizing  and 
standardizing  the  sequence  of  operations. 

d„  There  is  an  unduly  heavy  work  load  on  the  light  hand  of  the  pilot  and  on 
the  left  band  of  the  co-pilot.  This  may  create  a  problem  in  th8  transfer 
of  skills,  where  the  co-pilot,  who  has  been  using  primarily  his  left  hand, 
is  moved  to  the  pilot Ss  position. 

e.  There  ie  an  unequal  division  of  tasks  between  pilol  and  co-pilot  during 
certain  phases  of  flight,  and  considerable  variation  between  pilots. 

f  •  The  maximum  arm  reach  of  a  group  of  Navy  pilots  ie  given  and  compared 
with  the  distance  from  normal  flight  position  to  various  points  in  the 
cockpit*  It  was  found  that  the  pilot  is  often  required  to  operate  con¬ 
trols  located  as  much  as  15  inches  beyond  his  finger-tip  reach.  Such 
operations  require  considerable  trunk  movement,  with  resulting  bodily  and 
visual  displacement  from  the  normal  flight  position. 

g.  The  stimuli  or  cues  which  elicit  the  pilot* s  responses  in  operating  the 
controls  are  identified  as  visual,  auditory,  kinesthetic,  and  temporal. 

Of  these  the  visual  and  temporal  are  found  to  be  relied  upon  most  fre¬ 
quently. 

6*  Recommendations  are  made  for  extending  the  investigation,  and  improvements 
in  the  recording  equipment  are  suggested. 

7.  The  implications  of  such  an  extended  investigation  for  design  of  cockpits 
and  training  of  pilots  are  discussed. 
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III.  PURPOSE  AND  SCOPE  OF  INVESTIGATION 


The  project  was  designed  to  permit  observation  and  recording  of  cockpit  pro¬ 
cedures,  flight  patterns,  pilot  reactions,  and  operational  flight  problems.  The 
scope  of  the  present  report  includes  a  discussion  of  the  application  of  time  and 
motion  methods  and  job  analysis  technics  to  the  task  of  piloting,  analysis  of  data 
concerning  the  pilot 8 s  use  of  the  various  instruments  and  controls,  and  the  impli¬ 
cations  of  the  findings. 

The  idea  of  subjecting  the  pilot* s  tasks  to  a  job  analysis,  with  its  related 
principles  of  time  and  motion,  is  not  new  in  the  field  of  aviation  research.  For 
many  years  specialists  in  this  field  have  desired  more  definite  Informatipn  about 
the  performances  required  in  piloting  aircraft. 

As  pointed  out  by  McFarland  (1),  there  is  a  need  for  *aa  investigation  of  the 
nature  of  (the  pilot 5 s) tasks,  the  surroundings  in  which  he  works,  the  location  of 
instruments  and  controls  and  the  way  in  which  he  performs  his  duties*.  McFarland 
recommends  *that  time  and  motion  studies  be  made  in  the  preliminary  design  of  air 
transports  to  determine  idle  precise  duties  of  each  crew  member  and  the  time  avail¬ 
able  for  carrying  them  out  during  the  most  important  maneuvers  such  as  take-off 
and  landing*.  A  search  of  the  literature  reveals  that  only  a  very  limited  amount 
of  work  has  been  done  in  applying  time  and  motion  methods  to  the  task  of  piloting. 

Harlan  and  Stood  (2)  made  a  preliminary  but  detailed  study  of  all  the  co-pilot 8 s 
movements  during  and  after  a  landing.  They  recorded  these  actions  by  means  of  a 
motion  picture  camera.  A  subsequent  analysis,  which  was  concerned  with  only  the 

number  rather  then  the  type  of  movements,  showed  that  these  vary  from  one  every  1.8 
ee coeds  to  one  every  5.0  seconds,  depending  upon  the  position  of  the  plane  in  the 
varioua  zones  of  the  standard  landing  pattern. 

R»  Sc  Johnson  (3)  of  United  Air  Lines  developed  an  effective  method  of  inte- 
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grating  the  various  duties  on  t.\e  flight  deck.  Hie  procedure  consisted  of  arranging 
the  operations  performed  during  each  phase  of  flight  in  the  order  which  permitted 
the  simplest  and  smoothest  paths  of  movement,  with  a  division  of  the  tasks  between 
the  two  flight  officers*  These  flight  scripts  were  then  placed  on  an  instrument 
termed  the  Rfiight  coordinator*  and  installed  permanently  on  the  control  pedestal 
so  that  pilot  and  co-pilot  could  follow  a  standard  routine  of  operation*  By  so 
systematising  the  flight  duties,  Johnson  found  that  he  could  effectively  reduce  the 
time  required  to  carry  out  the  performances  during  various  phases  of  flights  For 
example  the  time  needed  for  engine  run-up  was  shortened  from  9  minutes  to  an  aver¬ 
age  of  2  1/2  minutes.  It  is  evident  that  reductions  of  time  and  effort  may  be  ef¬ 
fected  by  the  introduction  of  a  systematic  Sequence  of  operations. 

If  only  the  mechanical  aspects  of  the  pilot 9  s  task  are  considered,  then  an 
incomplete  picture  will  be  obtained.  While  it  is  not  the  purpose  of  this  paper  to 
consider  the  human  factor  in  terms  of  physiological  changes,  such  studies  will  have 
to  be  made.  A  preliminary  and  interesting  investigation  of  this  problem  was  carried 
on  by  Lieutenant  Ralph  E.  Kirsch,  (MC)  USN  (4),  who  studied  the  physiological  changes 
of  aviators  during  actual  combat  flying  over  enemy-held  territory.  Changes  were 
found  in  pulse  rate,  respiratory  rate,  blood  pressure,  axillary  perspiration,  and 
palm  and  skin  temperatures  just  preceding  and  during  the  flight  over  the  enemy  tar¬ 
gets  o  This  investigation  indicates  the  value  and  feasibility  of  making  studies  of 
the  military  pilot  performing  in  his  normal  work  environment. 


IV.  PRQCEDdRES  0?  THE  INVJ&TIGATIOH 


The  task  of  studying  the  pilot  in  his  natural  flight  environment  i8  not  easily 
accomplished  by  non-flying  personnel.  To  establish  good  rapport  prior  to  the  se¬ 
curing  of  data,  it  was  necessary  to  meet  with  each  flight  crew  end  to  explain  the 
purpose  and  method  of  the  investigation.  r?hen  the  pilots  and  crew  fully  understood 
the  reasons  behind  the  investigation,  cooperation  and  assistance  were  immediately 
secured.  It  was  evident  that  the  men  who  fly  the  aircraft  were  acutely  aware  of 
the  need  for  a  study  to  improve  the  work  place  of  the  pilot. 

During  the  study,  the  investigators  flew  two  non-stop  cross-country  flights 
from  Washington,  D.C.,  to  Oakland,  California,  several  training  flights  at  Moffett 
Field,  California,  and  flights  into  Alaska  and  the  Caribbean  area.  Observations 
made  during  these  flights  afforded  the  investigators  a  general  knowledge  of  flight 
procedures  which  are  essential  in  analyzing  and  interpreting  such  data.  The  fact 
that  the  investigation  was  restricted  to  regularly  scheduled  flights  imposed  cer¬ 
tain  limitations  on  the  use  of  recording  equipment.  It  had  the  advantage,  however, 
of  insuring  "characteristic*  conditions  of  flight  which  might  have  been  subject  to 
unintentional  modification  in  purely  experimental  flights  simulating  routine  opera¬ 
tion. 

Photographs  of  the  pilot 3 s  performance  were  secured  by  using  a  Cine  Kodak 
Special,  16mm.  camera,  with  Super  X  and  Super  XX  panchromatic  film,  operated  at  a 
speed  of  8,  16,  or  24  frames  per  second.  This  camera  is  spring  driven  and  runs 
continottsly  for  only  1  l/2  minutes  (60  feet)  at  each  winding,  when  the  16  frames  per 
second  speed  is  used.  It  is  equipped  with  a  100  ft.  magazine  thue  allowing  for 
photographing  only  two  short  sequences  of  operations  before  reloading.  A  v/ide 
angle  lens  was  need  and  photographs  were  taken  at  a  point  approximately  4  to  6 
feet  to  the  rear  of  the  cockpit,  with  and  without  the  use  of  a  tripod.  The  use  of 
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the  tripod  and  fixed  camera  Wc*s  dispensed  v&th  early  in  the  study  as  it  proved  im¬ 
practicable  for  the  quick  changes  in  camera  position  needed  to  obtain  photographs 
of  the  pilot1 s  actions. 

Since  the  photographic  equipment  did  not  enable  the  observer  to  record  contin¬ 
uously  the  operations  of  the  pilot  for  more  than  1  l/2  minutes,  it  was  necessary 
to  supplement  cinematographic  recordings  with  observational  notes,  To  accomplish 
this,  the  observer  UBed  the  wire  recorder  to  provide  a  permanent  record  of  his 
commentary  on  the  work  performed  by  the  pilot  and  co-pilot  during  longer  periods 
of  flight. 

Voice  recordings  were  secured  by  a  General  Electric  airborne  wire  recorder, 
operating  at  the  standard  aircraft  voltage  of  24-28  volts  Xj.C,  This  apparatus  v/as 
equipped  with  special  lip  microphones  and  standard  voice  microphones.  The  input 
to  the  wire  recorder  came  from  the  intercommunication  junction  box  of  the  plane, 
and  a  second  input  from  a  regulation  carbon  mike  which  could  be  keyed  into  the 
circuit  by  the  investigator.  Headphones  connected  to  the  output  circuit  of  the 
recorder  enabled  the  investigator  to  hear  and  select  information  being  recorded. 

The  airplane  most  frequently  flown  was  the  Navy  R5D,  a  transport  airplane. 

This  plane  is  a  four-engined,  low-winged  monoplane,  with  a  tricycle  landing  gear. 
Accommodations  are  provided  for  a  crew  of  six*  pilot,  co-pilot,  radio  operator, 
navigator  and  two  relief  crew  members.  The  plane  is  designed  to  carry  either  cargo 
or  troops,  ^uring  the  period  of  investigation,  most  of  the  flights  were  made  with 
only  a  pilot  and  co-pilot,  but  some  rune  were  augmented  by  a  radio  operator  and  a 
third  relief  pilot. 

Moving  pictures  and/or  voice  recordings  were  taken  of  the  following  flight 
phases*  1)  visual  inspection  of  the  airplane  exterior,  2)  cockpit  check-off  prior 
to  motor  starting,  5)  motor  starting,  4)  check-off  prior  to  take-off,  5)  take-off 
and  climb,  6)  cruise,  7)  let-down  and  landing,  and  8)  taxiing  to  line.  In  addition. 
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moving  pictures  were  taken  of  the  pilot  operating  each  control  separately,  starting 
from  the  basic  flight  position  (hands  on  the  control  column),  loe  latter  series 
of  films  were  taken  with  the  plane  on  the  ground,  and  with  special  lighting  equip- 
ment  installed  in  the  cockpit, 

k  cursory  examination  of  the  motion  pictures  indicated  that  certain  sequences 
must  he  subjected  to  a  frame  by  frame  analysis  to  provide  complete  information 
about  the  use  of  controls  and  the  time  required  for  their  operation.  For  such  an 
analysis  a  projection  must  meet  the  following  requirements s 

1.  Enlarge  image  sufficiently  to  facilitate  reading  and  visual  scanning, 
(approximate  size  12*  x  12*), 

2,  Provide  for  reversible  operation, 

5,  Provide  for  continuous  projection  of  a  single  frame  without  burning, 

4.  Contain  a  method  for  counting  frames  or  timing.  By  counting  frames  the 

time  element  is  standardized  provided  the  camera  has  been  run  at  a  con¬ 
stant  speed }  (1000  frsmes/min.), 

5,  Provide  a  cross  grid  over  the  projection  screen  to  facilitate  the  measur¬ 
ing  of  distances  of  various  movements, 

8.  Provide  for  variable  speeds  of  projection, 

7,  Provide  for  centering  and  focusing  the  image. 

These  requirements  were  met  by  a  modified  Moviola  projection  apparatus.  The 
modification,  which  is  easily  made,  consisted  of  mounting  a  microswitch  to  the 
machine  so  that  an  electrical  impulse  could  be  obtained  for  each  frame  that  moved 


■wurough  line  projector. 


oy  connecting  two  couutex*5  with  appropriate  switches  and 


batteries  into  the  circuit  a  naming  total  of  the  frames  viewed  could  be  mads  at 
any  point  in  the  sequence.  If  it  became  necessary  to  reverse  the  film,  the  first 
counter  was  shut  off  and  a  second  counter  started.  This  second  counter  recorded 


•sUanufactured  by  the  Moviola  Company  of  Hollywood,  California. 
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the  number  of  frames  that  the  film  ran  in  the  reverse  direction,  thus  making  it 
possible  to  return  to  the  original  stopping  point  and  restart  the  first  counter, 

Such  a  procedure  insures  a  high  degree  of  accuracy  in  determining  the  perform¬ 
ance  iimes  of  pilot  and  co-pilot  since  interpretation  and  measurements  may  be  re¬ 
peatedly  checked  by  the  same  or  by  a  second  observer. 
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V.  DISCUSSION  Of*  RESULTS 
A.  ftork  Areue 


Wien  the  casual  observer  steps  into  the  cockpit  of  a  plane  such  as  the  R5D, 
he  is  confronted  with  a  maze  of  instruments  and  controls.  From  this  apparent  con¬ 
fusion  of  gadgets  the  pilot  is  required  to  select  and  use  various  combinations  of 
these  instruments  and  controls  during  any  specific  flight  phase.  Further  difficulty 
is  introduced  by  the  fact  thut  there  are  several  models  of  this  plane:  R5D-1,  -2, 

-3,  and  -4,  which  have  slight  variations  in  the  ooakpit  design  and  urr~ngement. 

For  the  purpose  of  studying  the  locution  and  use  of  the  instruments  and  con¬ 
trols  the  cockpit  was  divided  into  seven  general  work  areas,  (figs.  1-7).  The 
delineation  of  these  areas  was  based  upon  the  A 5D-*2  oockpit  and  with  minor  changes 
may  apply  to  other  types  of  airplanes  as  well. 


AREA  1.-  Control  column,  rudder  and  brake  pedals: 

Tiie  general  work  area  1  (fig.  1)  was  selected  as  the  basic  flight  position  in 
waich  the  pilot  is  seated  with  hands  on  u  control  column  or  y^ke  directly  in  front 
of  him  and  his  feet  on  the  rudder  controls,  aost  of  his  movement  patterns  origin¬ 
ate  from  this  position. 

The  control  column  consists  of  a  three-quarter  wheel  opes  at  the  top  to  provids 
clear  vision  of  the  main  instrument  panel  airectly  in  front.  The  col  tarn  is  moved 
fore  and  aft  for  operation  of  the  main  elevator  surfaces,  and  the  wheel  is  turned 
clockwise  or  counter-clockwise  to  opera ve  the  ailerons.  The  other  controls  mount¬ 
ed  on  this  column  are  a  small  switch,  to  operate  the  mike  (on  some  models  this 
switch  is  used  to  operate  a  small  cockpit  spotlight)  ,  and  two  fluorescent  spot 
lights  which  can  os  focused  os  the  instrument  panel.  The  i udder  centrals  with 
standard,  toe-brake  attachment  are  located  directly  Id  front  of  the  normal  seating 
positions  of  the  pilot  and  co-pilot.  The  rudder  surfaces  are  operated  by  extension 


PILOTS  *  7rORK  AREAS 


Pig.  I  (Area  1) 
Ba3ic  Flight  Position 


Pig.  2  (Area  ?.) 
Control  Pedestal  {upper  half) 


Fig.  3  (Area  3) 
Control  Pedestal  (lower  half) 
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Fig.  4  (Area  4) 
Main  Instrument  Panel 
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WORK  .AREAS  (cant'd.) 


Fig.  5  (Area  5) 

lain  Instrument  Panel  (upper  portion) 
Emergency  Controls 


Fig.  6  (Area 
Upper  Instrument  and 


6) 

Switch  x  anels 


S. 


Fig.  7  (Area  7) 
Side  Control  Panel 


Fig.  8 

Typical  Pilot  and  Co-Pilots*  Actions 
in  Areas  2,  3,  and  6. 
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and  flexion  of  the  legs,  and  the  brake  controls  by  like  action  of  the  feet  with  the 
heels  resting  on  the  rudder  bar. 

AREA  2.-  Control  pedestal,  (upper  half): 

The  control  pedestal  is  centered  on  the  deck  between  pilot  and  co-pilot.  Area 
2  is  composed  of  the  upper  half  of  the  control  pedestal  down  to  and  including  the 
servo  control  for  the  automatic  pilot  (fig.  2).  It  contains  approximately  28  lever 
type  controls  moving  in  the  fore  and  aft  plane,  16  knob  type  controls  moving  clock¬ 
wise  and  counter-clockwise,  6  toggle  switches,  4  cranks,  and  1  wheel.  The  controls 
in  this  area  are  located  to  the  side  and  forward,  and  at  approximately  waist  level 
height  from  the  sitting  position.  They  are  reached  by  a  basic  pattern  of  movement 
in  which  the  arm  is  partially  or  fully  extended  forward  to  the  side  and  slightly 
downward.  Some  operations  require,  in  addition,  a  forward  and  lateral  flexion  and 
rotation  of  the  trunk. 

AREA  3.-  Control  pedestal  (lower  half): 

This  area  comprises  the  lower  half  of  the  control  pedestal  (fig.  3).  The  con¬ 
trols  are  mostly  lever  type  or  toggle  switch  type  moving  up  or  down.  There  are 
approximately  17  levers,  3  switches  and  1  wheel.  These  controls  require  full  arm 
extension  downwards  at  the  side  with  trunk  bending  to  the  right.* 

AREA  4.-  Main  iastnsaent  panel: 

This  area  (fig.  4)  includes  that  portion  of  the  main  instrument  panel  directly 
in  front  of  the  pilot.  The  distribution  of  instruments  is  such  that  the  basic 
flight  indicators  are  duplicated  —  one  set  directly  in  front  of  each  pilot  —  with 
the  manifold  pressure,  RSP.M.,  fuel  pressure,  oil  pressure,  flap  indicator  and  gear 
poeition  indicators  centrally  mounted  on  the  panel  in  back  of  the  control  pedestal, 
Host  of  these  are  indicators  which  require  a  visual  check  but  some  require  an  oc- 
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"right*  and  “left3  refer  to  yilotj  co-pilot  movements  will  be  in  the  oppo¬ 
site  direction. 


casional  manual  adjustment. 

There  are  12  knob  type  controls  operated  clockwise  and  counter-clockwise  and  3 
wheel  type  controls  operated  in  the  horizontal  plane.  To  operate  the  controls  re¬ 
quires  a  full  forward  extension  of  the  arm  und  a  partial  flexion  of  the  trunk.  To 
reach  controls  in  this  area  may  require  considerable  deflection  of  movement  around 
the  control  column  or  pedestal. 

AREA  5.-  Main  instrument  panel  (upper  portion) $ 

Area  5  (fig*  5)  is  located  directly  above  the  maiD  instrument  panel  and  ex¬ 
tends  horizontally  along  its  entire  length .  It  contains  the  CO2  fire  extinguisher 
system  with  warning  lights  and  control  handies,  and  emergency  air  brake  controls  at 
each  end  of  the  panel.  In  the  center  of  the  panel  is  the  rudder  trim  indicator, 
directly  above  which  is  the  rudder  trim  control  wheel. 

This  area  has  8  two-finger  hook  type  bars  and  1  circular  knobs,  ell  operated 
by  straight  push  01  pull  action,  and  a  rudder  trim  control  wheel  wtch  is  operated 
by  right  or  reft  turning  motion  in  the  horizontal  clone.  All  operations  require 
a  full  extension  of  the  arm  forward  at  shoulder  level  with  partial  flexion  of  the 
trunk. 

AREA  6.-  Pilot's  upper  instrument  and  switch  panels: 

This  area  is  located  in  the  forward  center  section  of  the  overhead  (fig.  6). 

It  contains  the  electrical  switches  and  indicating  instruments  and  the  bulance  of 
the  engine-operating  instruments.  Operation  of  these  controls  requires  a  trunk 
flexion  and  a  forward  and  upward  arm  extension.  There  are  18  rotary  knobs  and  two 
cranks  moving  clockwise  or  countor-clock7m.se,  48  toggle  switches  moving  up  and  iown, 
4  push  button  type  of  controls,  and  1  knob  type  control  sliding  right  and  ~eft  in 
the  horizontal  plane.  (This  last  control  is  peculiar  to  the  R5D-1  model.)  The  4 
feathering  switches  are  operated  by  straight  push  motion. 
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AREA  Side  control  panel 


Area  7  is  located  to  the  loft  of  the  pilot !  5  chair  (fig*  7)e  la  this  ar-sa 
there  are  about  10  toggle  switches  and  1  lever  moved  up  or  down  sad  1  v-heel  and  4 
knobs  rotated  clockwise  or  countor-cloekvdse.  Most  of  the so  controls  are  within 
the  normal  reach  of  the  left-  hand  when  the  pilot  is  in  the  basic  flight  position* 
However,  the  right  hand  is  occasionally  croeosd  over  to  operate  thas,  thus  raquisv 
ing  trial  flexion  and  rotation s  plus  extension  of  the  right  arm* 

A  typical  pcsrfcrsar.ee  of  pilot  and  co-pilot  is  shown  in  figure  8,  Filet  is 
working  in  areas  E  and  5,  and  eo®giiot  in  area  6*  Figure  Bg  is  a  fils  strip  shoe¬ 
ing  the  complete  performance  of  pilot  is  operating  the  raddsr  trim  tab  control P 


B.  Fusciiossl  Reach  Measurements 

It  has  long  been  recognised  that  for  conyenisne-a*  quickness  and  efficiency  of 
operation ;  the  materials  or  controls  that  are  to  be  used  is  any  task  should  be 
placed  in  an  area  within  normal  functional  reach*  Figure  9=  a  schematic  erasing  by 
Koaaa  (5),  shown  a  convenient  layout  for  work  areas  which  has  been  applied  to  in¬ 
dustrial  operations*  The  diagram  suggests  that  a  circular  arrangement  of  work  areas 
is  the  most  efficient*  An  excellent  example  of  the  application  of  this  principle 
may  be  assn  in  the  assign  of  organ  keyboards  and  controls;  wnere  it  is  necessary  to 
obtain  maximum  coordination  sf  both  arms  and  both  legs* 

Although  such  working  areas  hays  be on  repeatedly  proposes  ord  diagrammed  by 
industrial  analysts*  the  dimensions  of  the  areas  srs  never  shown.  More  recently 
however.  King  et  al-  (6)  made  maximum  reach  measurements  in  tbs  laboratory  on  c 
group  of  Havy  pilots  seated  in  a  standard  Warren  KsaeArthur  pilot  seat  with  shoulder 
straps  and  lap  belt  looked*  The  basic  measurements  consisted  of  the  horizontal  dis¬ 
tance  from  the  iinger-riya  to  u  reference  line  running  vertically  through  the  mid¬ 
point  of  the  intersection  between  fcha  upper  level  of  the  seat-  cushion  apd  the  lower 
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cushions  of  the  back  pad*  Masdmiss  reach  distances  were  recorded  for  99  points  at 
various  heights  and  angles  around  the  pilot.  Bata  are  presented  showing  reach  dis¬ 
tances  which  are  roaxisru®  for  50%  and  for  95%  of  tbs  population  studied. 

These  basic  measures© nta  have  been  applied  to  the  R5D  cockpit  arrangement, 
but  in  doing  so  consideration  had  to  be  given  to  the  adjustment  of  the  Dilot5 s  seat. 
It  sag  found  that  in  the  R5B  airplane  the  seat  may  be  raised  or  lowered  5  inches  and 
moved  forward  or  backward  6  inches  to  accommodate  pilots  of  various  heights.  For 
purposes  of  comparison  it  was  assumed  that  the  mid-point  position  of  the  seat  is 
used  by  the  majority  of  pilots ;  thus  measurements  in  the  cockpit  were  taken  with 
th9  seat  in  this  position.  Therefore  the  maximum  correction  for  extreme  positions 
will  be  approximately  it  3  inches. 

It  was  not  considered,  practical  for  the  present  study  to  measure  the  distance 
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of  each  control  from  the  reference  line  established  by  King.  Instead,  measurements 
were  taken  to  the  mid-point  of  each  area,  and  were  compared  with  corresponding 
measurements  developed  from  his  data.  Table  1  shows  the  actual  distances  to  the 
area  mid-points  in  the  EfjD,  and  the  corresponding  distances  which  are  maximum  for 
50$  and  for  95$  of  King‘s  group. 

It  can  be  noticed  that  only  area  7  falls  within  the  maximum  reach  distances. 
Areas  2  and  3  are  siightly  beyond,  and  areas  4>  5»  and  6  are  ?/ell  beyond  the  maxi¬ 
mum  distance  reached  by  even  5%  of  the  group.  Furthermore  not  all  controls  can  be 
operated  at  these  maximum  finger-tip  distances,  since  many  require  various  typos  of 
hand  grasp. 


Table  1.- 

Maximum  reach  data 

Area 

Distance 
required  to 
reach  area 
mid-point. 

Maximuni 
reach*  for 

50$  of 
population 

Maximum 
reach*  for 
95%  of 
population 

2 

36  inches 

32.0  inches 

27.5  inches 

3 

27  " 

25.0  " 

20.0  n 

4 

41  » 

30.0  » 

25.7  " 

5 

38  » 

31.3  " 

27.0 

6 

26  n 

17.0  " 

11.0  "  . 

7 

23  " 

30.5  * 

27.0  « 

-^Maximum  reach  distances 

are  measured  t 

o  finger-tips 

Such  undesirable  discrepancies  between  maximum  reach  and  required  reacn  are 
strongly  confirmed  by  observations  during  flight  when  the  pilot  is  seen  to  make  ex¬ 
tensive  body  movements.  He  is  often  required  to  band  forward  or  to  the  side  in  or¬ 
der  to  reach  and  manipulate  the  controls.  In  the  following  section,  the  necessit 
for  such  body  movements  will  oe  further  demonstrated  by  an  analysis  of  photogra  hie 
records. 
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C.  Basic  Pilot  Movements 


"Motion  study  consists  of  dividing  work  into  the  most  fundamental  elements 
possible  —  studying  these  elements  separately  and  in  relation  to  one  another j  and 
from  these  studied  elements  when  timed,  building  methods  of  least  waste."  This 
definition  was  formulated  by  the  Gilbrethe  (7)  who  modified  the  original  work  of 
Taylor  (8)  and  later  standardized  the  fundamental  movements  into  what  they  called 
"therbligs" . 

Various  motion  and  time  study  engineers  have  used  17  to  24  therbligs  to  class¬ 
ify  the  basic  types  of  movements.  These  specialists  believe  that  within  certain 
limits  the  times  required  to  perform  a  specific  basic  movement  are  constant  and 
that  the  correct  motion  and  the  right  time  to  perform  any  complex  operation  may  be 
determined  by  the  sum  of  the  times  required  for  the  basic  movements. 

Application  of  such  methods  to  industry  has  increased  output  without  imposing 
additional  stress  or  effort.  Especially  is  this  true  where  the  task  1b  of  a  bighlv 
repetitive  nature  and  where  variations  from  a  routine  sequence  of  operations  seldom 
occur. 

It  would  appear  that  when  a  tusk  becomes  more  vari-ble  and  more  highly  skilled, 
and  where  judgments  and  inter ore tations  are  required,  a  complete  job  analysis 
embodies  more  than  a  summation  of  a  group  of  basic  movements.  During  flight,  the 
reactions  of  the  pilot  to  the  total  situation  must  be  considered.  The  assumption 
that  the  job  of  piloting  can  be  synthesized  from  a  summation  of  such  simple  basic 
movement  elements  as  therbligs  is  contradictory  to  the  results  of  many  experiments 
on  the  acquisition  of  motor  skills. 

As  the  first  step  in  analyzing  the  pilot’s  performance  in  the  cockpit^  the 
motion  pictures  taken  of  the  operation  of  each  control  were  examined  and  the  move¬ 
ments  involved  were  described  in  detail.  The  information  obtained  is  presented  in 
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table  2.  Column  1  of  this  taole  j.ists  the  name  of  the  control.  Column  2  gives  the 
work  area  in  which  the  control  is  located.  Column  3  indicates  the  type  of  stimulus 
which  acts  as  a  cue  in  eliciting  the  pilot’s  operation  of  the  control.  Four  types 
of  oues  have  been  considered: 

1.  Visual.-  This  may  involve  such  things  as  indication  on  flight  instruments 
(e.g.  air  speed  and  turn  and  bank  indicators,  altimeter,  compass)  or  cues 
supplied  by  the  external  environment. 

2.  Auditory.-  The  sound  of  the  motors  may  act  as  cues  for  operating  certain 
controls;  other  controls  are  operated  upon  verbal  command. 

3.  Kinesthetic  and  tactile.-  The  °feeln  of  the  controls  or  the  bodily  orien¬ 
tation  often  provide  the  cue. 

4.  Temporal.-  Operations  may  be  performed  at  pre-determined  times  in  a 
sequence,  in  which  case  each  operation  provides  the  cue  for  the  next  one. 

It  must  be  emphasized  tiiat  the  pilot’s  performance  is  not  a  simple  matter  of 
respcndizig  to  a  single  stimulus,  but  rather  a  matter  of  interpreting  the  various 
combinations  of  cues  which  he  receives,  relating  them  specifically  to  flight  exper¬ 
ience,  and  integrating  them  into  a  successful  response  or  series  of  responses.  The 
pilot  is  continually  required  to  make  judgments  and  decisions  during  the  flight 
operations. 

Column  4  indicates  the  classification  of  the  motions  of  the  upper  extremities 
and  trunk  involved  in  the  operation  of  each  control,  accoiding  to  a  commonly  U6ed 
system  (9) .  It  is  often  assumed  in  time  and  motion  study  that  the  fewer  the  number 
of  movements,  the  less  amount  of  energy  expended;  and  ths  smaller  the  area  of  the 
body  that  is  at  vork,  the  less  the  fatigue  that  .-rill  be  experienced.  As  pointed  out 
by  Moore  (10),  this  assumption  is  not  true  in  all  cases.  The  exception  r-.  suits 
when  small  muscle  groups  are  performing  at  a  low  degree  of  efficiency  du3  to  supra- 
optimsl  loading,  or  to  excessive  rates  of  contraction.  It  was  not  the  purpose  cf 
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■fcM  st  study  to  stake  a  quantitative  estimate  of  the  /<ork  involved}  but  rather  to  pre¬ 
sent  an  analysis  of  the  pilot's  movements.  For  this  purpose  the  following  six 
classifications  were  used: 

1.  Finger  motion  alone 

2.  Finger  and  wrist  motion. 

3.  Finger,  wrist  and  forearm  motion. 

4.  Finger,  wrist,  forearm  end  upper  arm  motion. 

5.  Finger,  wrist,  forearm,  upper  arm  and  shoulder  motion. 

6.  Finger,  wrist,  forearm,  upper  arm,  shoulder  and  trunk  motion. 

The  sixth  classification  is  not  commonly  used  in  describing  the  movements  of 
the  era,  but  was  frequently  observed  in  this  Study. 

Coiuaas  5  and  6  list  the  distance  to  each  control  from  the  basic  flight  posi¬ 
tion  (hands  on  yoke)  for  pilot  and  co-pilot,  and  the  hand  used  in  its  operation. 
Where  a  control  is  usually  operated  by  one  of  the  pilots,  the  respective  space  for 
the  other  pilot  will  be  left  blank.  Column  7  describes  the  sequence  of  movements 
required  to  operate  each  control  starting  from  the  basic  flight  position. 

A  summation  of  these  data  is  presented  in  Table  3. 


Table  3 

Summary,  by  area,  of  motivating  stimuli,  movement  distances  and  hand  used 


Area 


2 

_ 

_j4 _ 

_J _ 

6 

El 

Total 

Ho.  of  controls  in  area 

14 

10 

9 

4 

19 

4 

60 

Ho.  of  controls  which  may  be 

mmm 

operated  in  response  to: 

.  ■ 

Visual  stimuli 

9 

9 

4 

14 

3 

53 

Auditory  stimuli 

2 

1 

0 

3 

1 

12 

Kinesthetic  stimuli 

2 

0 

2 

0 

1 

o 

Temporal  sequence 

m 

10 

9 

r- 

19 

4 

58 

Average  distance  of  movement  for: 

i 

■ 

Pilot 

19.6  | 

30.4 

21.7 

34.9 

21.5 

Co-pilot 

20.6 

31.5 

20.0 

EHI 

33.3 

25.0 

i 

! 

n 

Hand  used:  Pilot 

13  R 

9  R 

7  R 

3  R 

15  R  1 

mm 

WsM 

1  L 

PER 

mmm 

Co-pilot 

mmm 

■ 

5  R 

2  R 

1  R 

3  R 

11  R 

Pi 

■lllj 

.iLk- . 

JlSu 
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Tables  2  and  3  reveal  the  following  information: 

Nearly  every  operation  is  elicited  by  visum  and/or  temporal  cues.  Auditory 
and  kinesthetic  cues  are  relied  upon  less  f recut ntiy,  but  stilJ  to  a  significant 
degree.  Cues  for  the  operation  of  a  single  control  ma>  be  received  through  any  one 
of  the  sensory  receptors  or  the  cortex,  oi  by  any  combination  of  these  sensory  (or 
cortical)  impulses.  Furthermore,  any  single  receptor  is  receiving  rapid  intermittent 
bursts  of  stimuli  from  various  instruments  or  from  the  environment.  Thus  the  pilot 
is  presented  with  a  highly  complex  problem  of  selecting  cues  requiring  responses  in 
the  order  of  their  immediate  importance. 

The  overloading  of  the  visual  receptors  has  already  been  recognised,  as  evi¬ 
denced  by  a  previous  study  (11)  in  which  an  attempt  was  made  to  develop  a  system 
for  instrument  flying  where  more  me  was  made  of  auuitory  cues.  The  frequency  of 
use  of  temporal  cues  indicates  the  need  for  cockpit  standardization,  training, and 
simplified  procedures  of  operation.  Future  development  of  instruments  should  be 
directed  towards  assisting  the  pilot  to  integrate  his  information  without  adding  to 
tne  number  of  cues  he  must  res  -end  to.  This  might  be  accomplished  by  combining 
into  a  single  instrument  cues  which  are  at  present  furnished  by  several. 

The  distance  that  the  pilot  or  co-pilot  must  move  his  hand  from  the  yoke  to 
reach  the  controls  may  vary  from  12  inches  to  41  inches.  Furthermore  57%  of  the 
controls  require  some  trunk  movement  to  operate.  Some  pilots  may  not  choose  to 
operate  the  more  distant  controls  but  may  delegate  such  duties  to  the  co-pilot. 

This  was  observed  to  be  a  matter  of  individual  preference. 

Of  the  52  controls  which  are  operated  by  the  pilot,  47,  or  90%,  require  the 
use  of  the  right,  hand.  For  the  co-pilot  76%  of  the  46  controls  which  he  operates 
require  the  use  of  the  left  hand.  This  uneven  loading  is  more  serious  for  the 
co-pilot  since  in  most  cases  the  left  is  the  non- preferred  hand.  For  ease  of  oper¬ 
ation  the  total  load  should  be  distri Dated  as  evenxy  as  possible  to  the  various 
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body  members  (12) .  It  is  evident  that  the  arrangement  of  controls  in  the  RgD  does 
not  provide  for  an  even  distribution  of  load. 

The  forces  required  to  overcome  the  resistance  in  the  initial  operation  of  the 
controls  are  important  considerations  (13).  The  variability  of  such  forces  is  also 
related  to  the  sequence  in  which  the  controls  are  operated.  Where  two  controls 
operated  in  succession  differ  greatly  in  the  forces  required,  there  may  be  consider¬ 
able  overshooting  or  undershooting  of  the  second  adjustment.  In  tliiB  study  no  data 
were  obtained  regarding  the  forces  required  to  operate  the  controls.  However,  the 
importance  of  this  factor  should  not  be  overlooked,  and  such  information  should  be 
obtained  id  future  investigations. 

D.  Flight  Phases 

In  the  previous  sections  the  operations  of  the  various  controls  were  described,. 
It  is  now  desirable  to  consider  how  these  operations  are  integrated  by  the  pilot 
and  co-pilot  during  the  many  standard  flight  phases.  The  basic  data  were  taken 
from  the  series  of  motion  pictures  of  the  pilot  and  co-pilot  as  they  performed 
their  duties  during  the  normal  flight.  Since  it  was  necessary  to  establish  tine 
values,  only  the  films  taken  at  16  frames  per  second  (960  per  minute)  were  used. 

For  the  purpose  of  analysis,  it  was  assumed  that  each  frame  represented  .001 
minutes,  thus  introducing  a  alight  constant  underestimation  of  time  of  about  U%. 

Cockpit  check-off 

Upon  entering  the  cockpit  of  the  R5D,  the  pilot  checks  the  settings  of  many 
of  the  controls  prior  to  starting  the  engines.  Table  4  lists  the  controls  in  the 
sequence  in  which  they  are  checked  off  according  to  standard  NATS  procedure,  and 
the  work  area  in  which  ea th  control  is  located.  In  practice  it  ?/as  found  that  some 
pilots  actually  make  a  physical  hand  check  of  all  of  the  listed  controls  while  others 
do  most  of  it  by  visual  inspection.  The  normal  procedure  requires  the  co-pilot  to 
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Table  4.-  Cockpit  check-off  prior  to  starting  engines 


Prescribed  NATS  Sequence 


1.  Battery  Switch 

6 

16.  Em.  Air  Pressure 

0 

2*  Instrument  s 

6 

17.  fuel  Gauges 

0 

3.  Wing  Tanks 

2 

18.  Oil  Gauges 

0 

4=  Carbureter  air 

3 

19.  Gyros  &  Altimeter 

4 

5.  Cross  feeds 

2 

20.  Pitot  Static  Valve 

7 

6.  Brakes.  Parking 

3 

21.  Generators 

6 

7.  Propellers 

A 

22.  Fuel  Boosters 

6 

8.  Aut-o  pilot 

2 

23.  De-Icers 

6 

9.  Mixtures 

3 

24.  Ignition 

6 

1C.  Gear  Bandies 

3 

25.  Nav.  Lights 

2 

11.  n.ng  flaps 

3 

26.  Land  Lights 

6 

12.  Blowers 

3 

27.  Radio  check 

2,6,7 

13*  Cowl  Flaps 

3 

28.  Inter  Phone  Cheek 

7 

14*  Hydraulic  By-pass 

3 

29-  Plane  Doors 

6 

15*  Emergency  Gear  extension  2 

30.  Inter  Phone  Check  List 

7 

*  0  indicates  that  the  instrument  is  outside  of  the  pilot* s  work  area  and  is  usual¬ 
ly  checked  by  co-pilot. 

read  off  the  list,  while  the  pilot  makes  the  actual  manual  or  visual  checks.  Sim¬ 
ilar  check-off  procedures  are  required  during  other  phases  of  flight,  such  as  prior 
to  take-off  and  landing.  It  was  observed  during  the  investigation  that  these  check¬ 
off  procedure,!  are  not  always  followed,  and  that  even  when  followed,  they  are  often 
varied  according  to  the  individual  pilot’s  preference. 

Table  5  is  a  process  chart  based  upon  cinematographs  of  the  cockpit  check¬ 
off  prior  to  starting  engines.  is  drawn  according  to  a  time  scale  and  shows  the 
operations  in  the  order  performed,  the  hand  used,  the  work  area  in  which  the  con¬ 
trol  is  located,  and  the  time  required  for  the  operation.  A  comparison  of  tables  4 
oY>d  5  shows  that  the  operations  as  eetually  performed  vary  somewhat  from  the  stand¬ 
ard  MTS  procedure.  The  times  noted  for  the  checking  operations  during  this  par¬ 
ticular  phase  may  be  expected  to  vary  considerably,  depending  upon  the  condition  in 
which  the  controls  are  left  after  securing,  servicing  or  maintenance  work. 

Figure  10  is  a  schematic  diagram  picturing  the  paths  of  movement  required  by 
the  present  check-off  procedure  as  prescribed  by  MTS.  The  path  of  movement  ori- 
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TABUS  6.  PROCESS  CHART 

3 mo  IS,  1946  RED  Cookpit  ek®ek«o£f 

Moffett  Field,  Calif.  Slight _CmdltjpafliPrlnr  to  engine  starting 


PILOT 


Sequence  of  Operations 


g.Car&uf'etof  air  /o  petition 


Each 

Cumu¬ 

Oper¬ 

lative 

ation 

Sequence  of  Operations 


TABLE  5-  PROCESS  CHART  (cont’d.) 


Visual  check 
in 

Co-pilot's 

Area 

7 


ginabes  in  area  1  when  the  pilot  raises  his  hand  to  operate  the  battery  switch  in 
area  6.  The  arrows  show  the  pilot’s  path  of  movement  between  the  various  work  areas. 

It  is  apparent  that  there  is  considerable  and  needless  movement  back  and  forth  bet¬ 
ween  areas.  Figure  11  shows  a  simplified  path  of  movement  which  might  be  develop-  ^ 

ed  try  rearranging  the  order  of  check-off  operations.  In  this  simplified  schema, 
controls  in  any  one  area  are  completaiy  checked  before  moving  to  the  nsxt  area, 
thus  providing  for  a  more  smoothly  flowing  path  of  movement.  Furthermore,  the  or¬ 
der  of  checking  controls  within  each  area  might  be  standaruized  to  reduce  the  like¬ 
lihood  of  omissions  during  the  check-off.  This  presupposes  the  necessity  of  main¬ 
taining  the  arrangement  of  controls  as  they  already  exist  in  the  tiockpit .  In  the 
final  analysis,  simplifying  of  operations  must  be  accomplished  by  modification 
either  of  existing  sequences  of  operations  or  of  existing  location  of  controls. 

Before  recommendations  are  made  for  changing  the  location  of  controls,  fur¬ 
ther  studies  of  the  motion  pathways  occurring  during  more  critical  phases  of  flight 
should  be  undertaken.  If  operation  sequences  are  found  to  be  standard,  aircraft  I 

designers  may  use  such  information  for  placement  of  controls  to  provide  for  smooth 
motion  pathways. 

Engine  start 

Table  6  is  a  process  chart  of  the  operations  of  pilot  and  co-pilot  during  the 
starting  of  the  inboard  engine  #3  on  the  co-pilot’s  side.  These  operations  are  re¬ 
peated  for  the  starting  of  engine  #4,  and  there  is  practically  no  deviation  from 
this  pattern.  Time  factors  will  vary  somewhat  depending  on  the  ease  with  which  the 
engine  start** 

In  well  integrated  teams,  the  pilot  will  change  duties  with  the  co-pilot  in 
starting  engines  #2  and  #1.  ^he  change  allows  the  pilot  to  have  more  freedom  in  $ 

observing  the  engines  on  his  side  for  fire  hazard  and  personnel  clearance.  If  he 

r 

continued  to  handle  throttle  and  mixture  controls,  and  the  co-pilot  the  starting 
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TABLE  6.  PROCESS  CHART 


Juie  18,  1946  lygaa  .pfJElflaa:  R5D  Flight  Phase:  Starting  angina 
£!&q&s  Moffett  Field,  Calif.  Flight.  Conditional  On  deck 


i 


TABLE  6.  PROCESS  CHART  (coat’d*) 


switches,  neither  one  could  readily  observe  the  actual  starting  of  engines  #1  and 


Take-Off 

Tables  7  and  8  are  process  charts  of  the  pilot’s  and  co-pilot’s  operations 
during  two  normal  daytime  take-offs.  Examination  of  Table  7  shows  that  there  ap¬ 
pears  to  be  a  W8ll  distributed  work  load  between  pilot  and  co-pilot.  The  pilot 
has  delegated  most  of  the  operation  of  engine  controls  to  the  co-pilot,  leaving 
himself  free  to  control  the  attitude  of  the  plane.  The  pilot  makes  5  adjustments 
and  the  co-pilot  13,  and  there  appears  to  be  sufficient  time  for  both  pilots  to 
make  their  required  actions.  In  contrast.  Table  8  indicates  that  the  pilot  did  not 
delegate  the  duties  so  well.  1'or  this  take-off  the  pilot  made  25  control  adjust¬ 
ments  to  19  for  the  co-pilot. 

This  variation  in  distribution  of  work  between  pilot  and  co-pilot  indicates 
that  further  attempts  should  be  made  to  standardize  take-off  procedures.  The  var¬ 
iation  in  the  total  number  of  movements  for  each  team  may  or  may  not  be  significant 
since  the  detailed  pattern  of  movement  of  a  pilot  may  vary  considerably  with  moder¬ 
ate  differences  in  environmental  conditions.  The  over-al.1  similarity  of  the  se¬ 
quence  of  operations  during  the  two-take-offs  gives  promise  for  statistical  analy¬ 
ses  when  sufficient  data  are  available. 

Landing 

The  work  does  not  appear  to  be  evenly  distributed  between  pilot  and  co-pilot 
during  normal  straight  approach  landings  (Taoles  9  and  10) .  The  pilot  is  continu¬ 
ously  operating  throttle,  trim  tabs  and  control  column.  The  co-pilot  is  occupied 
mainly  with  adjustments  of  flap  controls,  landing  gear,  and  sometimes  throttle  and 
propeller,  but  he  appears  to  be  idle  for  a  considerable  portion  of  the  time.  How¬ 
ever,  the  landing  operation  j.s  Buch  -that  it  is  necessary  for  one  person  to  integrate 
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TABLE  7  c 


FT OCLC ~  CHART 


E^a;  July  3>  1946  Type  of  Plana?  W>D  TaLe-ofi 

P^ace  i  Oakland  Naval  Air  Station  ;  Normal  daynght.  take-Oif 


o  -j  T  n  <p 

J.  J.  —  V*  X 


CO-PILOT 


i  i 

Each  Each  j  I 

Hand,  Word  Oper-j  Cumu-  Oper-  Word  Hone? 

Sequence  of  Operations  Used  Area]  atlonjl&tiyejatlon  Areslusecj  Sequence  of  Operations 

Ha nd  on  throtr/d  /or  - X5Z ISZtleiSj  — — “~t — -r-J/# 

j  L  J  - — 


*?H  I  j 

N  O  AV*  •  1  f 


Moves  hand  to  contra!  R  i  -^5 

Column 


.105  <Z  L  Op 


e.  ra 


!  e  3  t h  rot  tie. 


""ju1,1  i  j-r  St.  i & •  *  /«v m. 

\c/n  c c  t ! y  *d * **>(  ft-* 


\-./S 


J  L  forbear  handle. 

.<350  -3  L  Holds  hand  »n  Mr  handle. 


Places  Loth  hands  L  ^  j  f 

on  control  Column  J 


■  ¥■32. 


Chacts  fl<3fiS  arrears  H  3  -o<26 


■O'di  j  2 


ruk<.*  c/‘*ci 


L  [in  loch  throttle,  tendon 
to  c  H  _ 


f\  1  f}J,«$Ts  throttles 


Chech  thr*tt/<i  teosten  tocK 


Plates  RPn  adjust  mart 


Reaches  for  flap  handle. 


ffAtSes  f Up  handle. 


.C&'-o 


3 

3 


i. 


TABLE  7.  PROCESS  GBABT  (eont'd.) 


PILOT  CO-PILOT 


Tima 

tee) 

11  -  ,m“  1  *- 

Sequence  of  Operations 

Hand 

Used 

Bork 

Area 

Each 

Oper¬ 

ation 

Cumu¬ 

lative 

Each 

Oper¬ 

ation 

Worl 

Are£ 

Sand 

Used 

Sequence  of  Operation* 

-  ,9c  - 

.d?7 

1 

Hand  ha.wes  flap  handle. 

Adjusts  elevator  tr>m 

H 

A 

*•  « 

Lm 

■m  ?S  m 

o/  + 

i 

L 

f^ova  s  hand,  to  arm  root 

Woves  ha  net  to  control 

i 

1 

i 

! 

! 

-  /.co  - 

■  o  76 

A 

L.f? 

Starts  ge-no-rator  check 

\  Re  turn*  left  hand-  Co 

8 

1 

<213 

.©0<b 

i 

L 

arnj  rest 

Column 

-/.o5  - 

,0^.3  ! 

1 

ft 

Retu.  rns  r>£ht  hand,  to  arm  rest 

1 

"*  *** 

-/.;o  - 

-HZ  - 

~{-$o  - 

./5-3 

b 

L 

Operates  booster  * pump 

'  Suite  he& 

mm  mt 

,  o/J 

worn 

- .Pa  turns  ha  rid.  to  arm  msl 

Adjusts  rudder  trim 

8 

S 

.Oik 

-  /2S~~ 

mm  «* 

1 

i 

1 - ■ — . . . 

Returns  hand  to  Con~ 
tro  I  column 

R 

i 

1 

.1+S 

-  43T- 

-  */<0  - 

dig 

i 

j 

L, stuns  *o  radio 

1 

W 

1 

i 

Adjusts  throttle. 

i 

R  \ 

j 

| 

2L 

j 

l 

| 

.  oSa\ 

1 

-/*r- 

•*»  **" 

£0  ~ 

j 

.n?o 

6  j 

i 

! 

i 

! 

L 

Reaches  tor  som^fhinB 
oi'tt.r  head ,  out  *■' u.re 

[ 

i 

J 

1 

* — *■ — 

.  O'* 

«  i 

j  j. 

ft ot urns  hand  to  armk\ 

f 

- -  ~  **  *+■  -  *  --C  '  ^ 

n 

! 

i 

! 

t  i 

i 

i 

t 

i 

1 

•O  //  i 

TtiKE  -6 

\ 

i 

j 

j 

; 

i 

t 

1 

-  -J 

| 

r'f  C-Oti 

r  i 

h  H 

1  i 

r  i 

p  j 

1-  1 

b _ d 

Pi  £  rei>| 

1  1 

i  I 

|  ] 

[  ! 

£  ! 

S  ! 

i _ _  i 

■ — ■ — i 

1 

i 

s 

1 

i 

i 

\ 

1  | 

i  i 

f  l 

!  ! 

1  s 

i  i 

i  ! 

j  i 

l  j 

i 

5 

r 

i 

» 

t 

s 

i  • 

■  ! 

1 

i 

i  i 

i  • 

}  | 

L  : 

| 

| 

i 

i 

\ 

\ 

% 

j 

TABLE  8 


PROCESS  CHART 


Date  i  July  3,  1946 


Take-off 


Plage*  Oakland*  California 


PILOT 


Sequence  of  Operations 


Ad ua  nc.ea  hh  r&tt/e s 


•Shears  ijtth  la  ft  hand 


P/a cGS  hand  on 


Places  hand  on  yoke.  and. 
mores  coni  to/  Column 


j:  Daylight;  routine. 


Each 

Oper¬ 

ation 


axnutes 


Puis  hand  on  rudder  Trim  R  5  MS 


Calls  for  uihoa/s  up 


PdjusU  tk  to  ttie 


Tiihtetns  tension  lock 


P?ov*4  hand  directly  to 
e/e  v*  tor  trin j 


A. 4  i  u  c  t  £  throttl^. 
'■“V  - ~ 


BdJ  ustf.  rudder  trim 


Adjusts  aileron  trim 


f)dj thrott  /& 


t 

Id.  f  C 


f?  5  j  t>38 


R  !  3  |  C3A 


f?  i  I  \.06l 


fusts  e.hnfator  trim  /? 


Poduc.es  t-hcoLt/e.  and 
adjusts  tens/on  iotk  ” 


•ozo  j  a 


.03’?  -2 


TiohtenS  t/irott/e  jans/on 


Reaches  for  g  ear  ex 
tension  ha  net  id. 


.031  3  L  Raises  §*ar  handle. 


Pa /ea  ses  thrott/e,  ten 
cz/on  to cA 


Reduces  thrott /e 


Pa  lenses  tension  lock  on  ft  PM 


,dob  «2  R  Decreases  ft  PH  t 
I  climb  setting 


R  \Rett*.r/!S  to  srrn  rest 


TcUe. 


L\ffd7ulTP&W>/lfte  n  s  /  on  k>t£ 


TABLE  8*  PROCESS  CHART  (cont'd.) 


PILOT 


CO-PILOT 


Time  (Minutes 


Sequence  of  Operations 


Calls  for  reduce  > on  m  Rlt 


Used  Sequence  of  Operations 


Adjusts  RPfO  for  er)6inc.$\  p  i 


Adjusts  command  radio  ^  ^ 

ruc<n  vsr 


/)d/ust&  aileron 


tocfi  f 

Releases  throttle  ft  <3. 


Reduces  throttle 


Returns  hand  t0  uiheef  !  P. 


Hd/usts  3eod'*  radio  \  R  d  os<f 


Adjusts  throttle 


Adjusts  com m a  nd.  ra«<*o|  ft  d  ,o<?6 
receive  r  i 


i„  bSyncAron  t  e.oC  motors 

I  &  3,$ 


I 
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TABLE  9.  PROCESS  CHART 

r5d  m&jasm* 


Place.  Saahiagton,  D.O.  night.  Coadltlopa:  Daylight,  routine 

pilot  _  p  1  L  9, JL — - 

- - — r  (Hi  ‘^7 

Each  Each 

Hand  Work  Oper-  Cuau-  Oper-  work  Hand 

Sequence  of  Operations  UsedjArealation  jlativejation  jAreajUsedj  Sequence  of  Operations 


turns  h*nd  io  arm  rest 


Operate  ±  Urott/e.  teas  ton  M 


L_  \ Returns  hand  -to.  am*  re^  _ 
Operates  ft  PM  tens/on  toek 


L  RPW 


Kzt*r„~  h&nd  io 
res  £ 

Zdl e- 


TABLE  9.  PROCESS  CHART  (cont’d.) 


PILOT  GO-PILOT 


TABLE  10.  PROCESS  CHART 
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Date:  Jim®  25,  1946  Type  of  Plage:  R51)  Flight  Phaee:  Landing  including  part  of 

final  approach 

Plaog:  Guantanamo  Flight  Conditions;  Daylight,  routine 


'‘T^anrwT  *• 


37 


TABLE  10.  PROCESS  CHART  (coat'd.) 


_ _ _ _ _ 

i 

* 

tio118  ■  Sequenca  of  Operations 

Hana 

Used 

Work 

are; 

_Iims 

Each 

Oper¬ 

ation 

JMim 

Cumu¬ 

lative 

tiSS) _ 

Each 

Opar- 

ation 

Worl 

Area 

:Hanc 

Usee 

Sequence  of  Oeet&Uons 

^  f^dj  us  t-  •&  throttfQ, 

R 

*2 

.680 

-  9o  * 

-  ?d~ 

K  * 

-  j.QO  “ 

-  /c£~ 

-  /JO  * 

-  /.is  - 

-  ■“ 

.  O/o 

/ 

1 

Returns  ndnd  la  arm¬ 
rest 

Returns  hand  to 
cantr0f  toUt/nn 

&*ar 

i  1 

! 

R 

j 

/ 

.o?S 

.o?S 

<2 

! 

L 

! 

Operates  s  set  of 

throttles 

5  - - - r - - - - 

n 

n 

Returns  hand  to  armrest 

Op  d *gA  r — 

R 

\ 

1 

j 

i 

i 

«2* 

i 

! 

I 

1 

/« 

1 

/fikar 

die 

,CAl 

m i 

1  L 

Reochos  Ror  f/a f>  hand / 

.osa 

3 

|  L 

ff&tses  flap  handle 

.608 

/ 

n 

Return  hand  to  arm  rest 

.  O/iA 

mi 

1 

i 

1 

1 

/ 

s 

j 

L 

- 5 - -  r 

Returns,  ^nd  da  irnt- 
___  res  z  _ _  _ _  _ _ 

the  various  sensory  cues  with  the  adjustment  of  controls.  This  nay  require  quick 
decision  and  response  on  the  part  of  ths  pilot  and  there  would  not  be  time  to  dele¬ 
gate  these  performances  to  co-pilot. 

In  both  landings  charted  there  appears  to  be  sufficient  time  for  ell  operations 
to  be  easily  performed. 

Taxi  to  line  following  landing 

A  process  chart  of  the  operations  of  pilot  and  co-pilot  during  the  taxi  to 
line  following  landing  is  presented  in  Table  11.  The  pilot  steers  the  plane  during 
most  of  this  period  while  the  co-pilot  is  concerned  with  shutting  off  the  motors 
and  making  minor  control  adjustments  prior  to  reading  the  check-off  list. 

E.  Frequency  of  cse  of  controls 

From  the  investigator's  notes  made  on  the  voice  recorder,  the  frequency  of  use 
of  the  various  controls  was  compiled.  The  voice  recorder  permitted  analysis  of  se¬ 
quences  of  longer  duration  than  could  be  photographed.  Tables  12,  13,  and  14  sum¬ 
marise  these  data  for  take-off,  cruise,  and  landing  respectively,  and  show  the  work 
area  in  which  each  control  is  located,  the  frequency  of  its  use  by  pilot  and  by  co¬ 
pilot,  and  the  frequency  expressed  as  percent  of  total  operations.  For  a  consider¬ 
able  length  of  time  during  take-off  and  landing  the  pilot  is  operating,  in  addition 
to  the  controls  listed,  the  control  column  and  rudder j  this  will  be  a  highly  per¬ 
tinent  factor  in  formulating  "ideal9  distribution  of  work  loads  between  pilot  and 
co-pilot . 

The  frequency  of  operation  of  each  control  is  totalled  for  four  take-offs  in 
Table  12.  An  average  of  9. 8  operations  were  performed  by  the  pilot  during  each 
take-off.  tiost  of  these  were  concerned  with  elevator  trim  and  throttle  adjustments 
and  occurred  in  work  area  2.  The  co-pilot  averaged  10.3  operations  for  each  take¬ 
off.  These  consisted  mainly  of  R.P.M.  and  throttle  adjustments  In  area  2,  and  wing 

38 


TABLE  11.  PROCESS  CHART 
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Batat  June  1,  1946  fypa„Q£J?laaaj  R5D  JQighjU2h&S&»  Taxi  to  line  following  landing 
J&&S&8  Oakland,  Calif.  Conditions  t  Daylight,  routine 


TABLE  11.  PROCESS  CHART  (eont’d.)  ' 


* 


tkble  12 o  -  Frequency  of  Use  of  Controls  during  Take-off* 


FREQUENCY  OF  USE 

$  OF  TOTAL 

OPERATIONS 

AREA 

CONTROL 

Pilot 

Co-Pilot 

Pilot 

Co-Pilot 

2 

M.P. 

4 

10 

10.3$ 

24.4  $ 

R.P.M. 

2 

13 

5.1 

31.7 

Cross  feed 

1 

0 

2.6 

Auto  pilot 

2 

0 

5.1 

Elevator  trim 

11 

0 

28.2 

TOTAL 

51.3$ 

56.1$ 

3 

Mixture  control 

1 

0 

2.6 

Wheels 

2 

5 

5.1 

12.2 

Wing  flaps 

1 

5 

2.6 

12.2 

Cowl  flaps 

0 

1 

2.4 

Aileron  trim 

0 

2.6 

«» 

By-pa 8 a  valve 

1 

1 

2.6 

2.4 

TOTAL 

15.5$ 

29.2$ 

4 

Gyro  pilot  compass 

3 

0 

7.7 

B  B  elevator 

1 

0 

2.6 

a  B  aileron 

1 

0 

2.6 

w 

Gyro  compass 

2 

0 

5.1 

TOTAL 

18.0$ 

0.0$ 

5 

Rudder  trim 

1 

0 

2.6 

TOTAL 

2.6$ 

0.0$ 

6 

Generators 

0 

1 

2.4 

Fuel  booster  pump 

0 

4 

9.8 

Landing  lights 

1 

0 

2.6 

Green  radio 

0 

1 

2.4 

TOTAL 

2.6$ 

7 

Nose  wheel 

3 

0 

7.7 

Inter-com.  switch  box 

1 

0 

2,6 

TOTAL 

10.3$ 

0.0$ 

Total  operations 

39 

41 

100.3$ 

99.9$ 

Average  operations  per  take-off 

9.8 

10.3 

^Frequencies  are  totals  for  four  normal  daytime  take-offs. 
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Table  13.  -  Frequency  of  use  of  controls  by  pilot  and  co-pilot  during  cruise* 


FREQUENCY 

OF  USE 

$  OF  TOTAL  OPERATIONS 

AREA 

CONTROL 

Pilot  Co-Pilot 

Pilot 

Co-Pilot 

2 

M.P. 

4 

0 

3.3$ 

-  % 

M.P,  friction  lock 

1 

0 

0.8 

R.P.M. 

7 

0 

5.8 

_l_1 

Fuel  selector  valve 

0 

2.5 

_v 

Cross  feed 

3 

0 

2.5 

Radio  compass  (red) 

1 

0 

0.8 

mm 

Command  receiver 

21 

3 

17.4 

25.0 

Auto  pilot 

1 

0 

0.8 

w 

Elevator  trim 

1 

0 

0.8 

TOTAL 

34.7$ 

25.0$ 

3 

Mixture  control 

1 

0 

0.8 

Cowl  flaps 

1 

0 

0.8 

Supercharger 

2 

0 

1*7 

TOTAL 

3.3% 

0.0$ 

4 

Auto  pilot  compass 

22 

0 

18.2 

n  ”  elevator 

17 

0 

14.1 

_ 

0  "  aileron 

3 

0 

2.5 

■ 

Gyro  compass 

1 

0 

0.8 

Altimeter 

1 

0 

0.8 

Clock 

1 

0 

0.8 

Scans  panel 

7 

0 

5*8  .. 

TOTAL 

43.0$ 

0.0$ 

5 

None  used 

- 

- 

— 

6 

Generators 

0 

1 

8.3 

Landing  lights 

1 

0 

0.8 

Radio  compass  (green) 

8 

4 

6.6 

33.3 

Booster  control  pump 

2 

1 

1.7 

8.3 

TOTAL 

9.1$ 

49.9$ 

7 

Inter-com.  switch  box 

2 

2 

1.7 

16.7 

Oxygen  mask 

4 

0 

3*3 

filer  oph  one 

3 

1 

2.5 

8.3 

Earphones 

3 

0 

2*5 

TOTAL 

10.0$ 

25.0$ 

Total  operations 

121 

12 

100.1$ 

99.9$ 

Average  operations  per  15  min. 

Interval  20.2  2.0 


♦Frequencies  are  totals  for  six  15  minute  intervals  of  a  cruise  on  auto  pilot. 
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Table  14.  -  Frequency  of  use  of  controls  during  landing* 


FREQUENCY  OF  USF, 

*  OF  TOTAL 

OPERATIONS 

ARM 

CONTROL 

Pilot 

Co-Pilot 

Pilot 

Co-^Pilot 

2 

M.P. 

12 

1 

34.3* 

6.3* 

R.P.M. 

2 

1 

5.7 

6.3 

Cross  feed 

1 

0 

2'.  9 

— 

Cccanand  receivar 

1 

X 

2.9 

6,3 

Elevator  trio 

7 

0 

20,0 

TOTAL 

65, 

18.9* 

3 

Wheels 

0 

4 

, 

25,0 

Cowl  flaps 

1 

0 

^  O 

^  i  / 

Wing  flaps 

2 

7 

5*7 

43.8 

By-pass  valve 

1 

0 

TOTAL 

11,5* 

68.  fi* 

4 

None  used 

- 

- 

- 

- 

5 

Rudder  trim 

1 

0 

2,9 

TOTAL 

2,9% 

~57o£ 

6 

Generators 

0 

1 

Warning  bell 

1 

0 

2.9 

— 

Landing  lights 

3 

0 

8.6 

— 

TOTAL 

11.5* 

6.3* 

7 

Inter-com.  switch  box 

3 

1 

8.6 

6.3 

TOTAL 

8.6* 

6.3* 

Total  operations  35  16 

Average  operations  per  landing  11.7  5.3 


100.3*  100.3* 


^Frequencies  are  totals  for  three  landings. 
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and  cowl  flaps  in  area  3.  Of  the  pilot* s  total  operations  during  take-off,  the 
majority  (51®3$)  occurred  in  area  2;  similarly,  for  the  co-pilot  56.1$  occrared  la 
area  2. 

Six  15-minute  intervals  during  cruise  were  analyzed  and  the  data  are  totalled 
in  Table  13.  The  pilot  is  occupied  primarily  with  adjustments  of  the  auto  pilot  in 
area  4  and  command  radio  receiver  in  area  2.  Of  his  total  operations  43.0$  occur 
in  area  4  and  34.7$  in  area  2.  The  co-pilot  operates  mainly  the  radio  compass  con¬ 
trol  in  area  6  and  command  radio  receiver  in  area  2;  of  his  total  operations  49.9$ 
occur  in  area  6.  The  pilot's  operations  averaged  20.2  as  compared  with  only  2.0 
for  the  co-pilot. 

It  would  appear  that  under  certain  cruise  conditions  the  entire  work  load 
could  be  delegated  to  one  of  the  pilots  in  order  to  allow  for  a  period  of  rest  for 
the  other. 

Table  14  gives  totals  based  on  three  landings.  Of  pi-lot’s  operations  65.8$ 
were  in  area  2  and  consisted  mostly  of  throttle  and  elevator  trim  adjustments.  For 
the  co-pilot,  68.8$  of  the  total  operations  occurred  in  area  3,  and  involved  most¬ 
ly  wing  flap  and  landing  gear  adjustments.  The  pilot’s  operations  average  11.7  as 
compared  with  5.3  for  the  co-pilot. 


43 


<2 


VI,  COMMENTS 

The  results  of  the  present  investigation  indioate  that  some  of  the  time  and  mo- 
tion  principles  used  in  industry  can  be  applied  to  the  analysis  of  the  pilot* a  task. 
Motion  pictures  and  voice  recordings,  with  the  process  charts  and  frequeney-of-usa 
tables  derived  from  them,  are  convenient  ways  of  obtaining  and  summarizing  objective 
data  concerning  this  job.  hver.  this  preliminary  study,  designed  primarily  for  eval¬ 
uation  of  methods,  has  produced  evidence  which  indicates  that  the  cockpit  design  of 
a  current  Navy  transport  plane  does  not  allow  for  efficient  performances,  ^t  was 
found  that  a  large  proportion  of  the  controls  are  beyond  the  maximum  reach  of  the 
pilot  and  that  these  controls  are  not  grouped  so  as  to  permit  the  smoothest  possible 
movement  pathways.  There  appear  to  be  abnormally  high  work  loads  assigned  to  the 
pilot's  right  hand  and  the  co-pilot  *-8  left  hand,  and  in  certain  phases  of  the 
flight, work  loads  are  unevenly  distributed  between  the  pilot  and  the  co-pilot. 

In  view  of  the  present  findings  it  is  believed  that  a  further  application  of 
the  procedure  would  contribute  significantly  to  the  design  and  construction  of  a 
bettor  work-place  for  the  pilot.  Comparable  studies  on  a  large  population  of  pilots 
operating  various  types  of  planes  appear  to  be  warranted.  Data  should  be  secured 
under  well  defined  and  standardized  phases  of  flight  as  well  as  under  simulated 
emergency  conditions.  The  information  obtained  could  then  be  subjected  to  statis¬ 
tical  analysis  to  show  variability  between  pilots,  flight  phases,  and  planes,  and 
also  to  provide  a  basis  for  determination  of  common  pathways  of  movement.  Such  in¬ 
formation  might  provide  a  sound  basis  for  testing  the  effectiveness  of  design  in  ex¬ 
perimental  mock-up  cockpits  prior  to  actual  construction  of  the  plane. 

Certain  improvements  might  be  made  in  the  photographic  equipment  and  technics 
employed  in  future  investigations  (appendix  1).  For  example,  a  fixed  camera  should 
be  used  and  be  located  to  the  rear,  above  and  between  pilot  and  co-pilot  to  allow 
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for  an  angular  shot  which  would  include  the  performances  of  both  pilots.  This 
might  be  implemented  by  a  wide-angle  lens  of  approximately  60  .  The  camera  should 
ba  driven  at  a  constant  speed  of  10GQ  frames  per  minute.  At  this  speed,  a  maga¬ 
zine  holding  500  feet  of  16  mm.  film  would  allow  for  approximately  twenty  minutes 
of  continuous  recording.  Improved  righting  of  the  cockpit  is  needed  if  clear 
photographs  are  to  be  obtained  under  all  conditions  of  flying.  The  possibility  of 
using  infra-red  light  for  night  photography  should  be  investigated. 

The  present  investigation  has  considered  mainly  the  complexity  of  operation  of 
controls.  Major  problems  may  exist  in  the  complexity  of  the  stimuli  and  the  inte¬ 
gration  of  these  stimuli  in  the  total  performance.  Motion  pictures  of  the  pilot's 
operations  should  be  synchronized  with  those  of  eye  movements,  to  provide  further 
information  regarding  the  pilot's  use  of  visual  cues.  Such  studies  of  pilot's  eye 
movements  would  be  a  valuable  adjunct  to  the  type  of  data  considered  in  this  report 
for  improving  training  methods,  routine  operation  technics  and  cockpit  design. 

RALPH  C.  CHANNELL 
Bio-Mechanics  Division 
Psychological  Corporation 
New  York,  New  York 
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APPENDIX  1 

Suggested  Outline  for  Further  Study  of  Pilots*  Periormances 


1.  Establish  procedure  for  obtaining  photographic  records  and  sound  recordir ga  dur¬ 
ing  the  basic  phases  of  flight 

A.  Pre-flight  situation 

1.  Aircraft  inspection 

2.  Cockpit  check-off 

3.  Taxiing  procedure 

4»  Check-off  prior  to  take-off 

B.  Flight  conditions 

1.  Actual  take-off 

2,  Climb  to  cruising  altitude 

3U  Transition  from  climb  to  cruise 

4.  Cruise 

5.  Transition  from  cruise  to  let-dom 
6*  Circuit  procedure 

a.  Entering  traffic  circle 
bo  Pre-landing  check-off 
Co  Approach 
do  Landing 

C.  Post-flight  situation 

1.  Taxiing  to  line 

2.  Post-flight  cockpit  check-off 

3.  Reports  and  records 

D0  Instrument  flight  conditions  (Actual) 

1.  Instrument  take-off  and  climb 

2.  Beam  bracketing  or  on-course  flying 
3«  Orientation 

4«  Let-down 
5.  0 *  C.  A.  landing 
6o  Instrument  Landing  System 
7,  Flying  by  radar 

E»  Military  situations 
1„  Combat  tactics 
2o  Carrier  landings 

3.  Bombing  runB 

4o  Rendezvous  and  formation  flying,  day  and  night 


II 0  Specifications  for  experimental  conditions 


A«  Aircraft 

lo  Assignment  of  the  more  recent  types  of  aircraft  i\  *-  exclusive  use  in  the 
problem  involved 
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B.  Personnel  requirements 

1.  Experienced  pilots  and  co-pilots  with  instrument  retinge 

2.  Photographer,  acquainted  with  time-motion  study  technics 

S.  Radio  technician,  experienced,  in  all  phases  of  radio  communication,  radar,  etc, 

4,  Aviation  psychologist  with  flight  experience  and  trained  in  experimental 
and/or  industrial  psychology  —  preferably  both 

5,  Flight  Surgeon  with  understanding  of  research  technics  | 

6,  Laboratory  assistants  for  analysis  and  summarizing  obtained  data 
7*  Various  specialists  for  installation  of  equipment 


G,  Equipment 

1*  Camera  for  mounting  on  instrument  panel  to  record  eye  movements,  equipped 
for  synchronization  with  camera  to  photograph  pilot  movements 

2„  Camera  with  wide  angle  lens  for  photographing  entire  cockpit  (May  have  to 
synchronize  two  for  this  purpose) 

3,  Air-bome  voice  recorder  with  connections  for  recording  pilot*  s,  co¬ 
pilot's,  and  experimenter0 8  comments 

4,  Possible  use  of  motion  picture  sound  equipment  with  boom-type  mike  located 
in  the  center  of  the  cockpit 

5,  Crystal  lip  mikes  to  replace  the  carbon  hand  mike 


D,  Possible  use  of  television  equipment 

1,  Synchronize  eye  movement  and  pilot  movement  on  single  screen  —  re— 
photographing  with  standard  equipment,  for  analyzing 


E.  Infra-red  photographic  methods  for  photographing  night  performances 


III,  Treatment  of  collected  data 
A.  Motion  picture  analysis 

1,  Frame  by  frame  analysis.-  of  pilot’s  and  co-pilot* a  performances  to  deter¬ 
mine  operating  procedurea  for  all  controls 

2,  Analysis  of  patterns  of  movements  in  the  use  of  combinations  of  controls 
it  Time  requirements  for  use  of  controls  during  various  flight  situations 
4*  Frequency  of  use  of  controls 

5,  Areas  of  most  frequent  uae 

B„  Fye  movement  analysis 

1,  Diagram  showing  eye  movements 

2,  .Frequency  of  use  of  instruments 

5.  Time  requirements  for  reading  various  instruments 

0,  Voice  recordings 

1.  Inter-relationship  of  the  various  teem  patterns  of  performance 

2.  Inter-personnel  communication  procedures 
5,  Location  of  communication  problems 


IV,  Application  of  technics 
A,  Single-engine  airplanes 
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B.  Jet  planes  and  advanced  experimental  airplanes 

C.  Uock-up  cockpits  of  proposed  airplanes 

rp  etc. 

V.  Apoli cation  of  results  to  future  airplane  design 

I 

A.  Develop  general  principles  for  placement  of  instruments  and  controls 
E.  Establish  optimum  work  areas  and  motion  pathways 
Q  C.  Assist  engineers  in  developing  specifications  for  the  flight  deck 

o 
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